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PROBLEM
● Formation of group

2A carcinogen acrylamide
via Maillard reaction (Scheme 1) in fried foods
containing carbohydrates and proteins

● Problem 1: Sweet potatoes are particularly high

in reducing sugars and asparagine, the
precursors to acrylamide; frying to make chips
adds the heat required to make acrylamide

INTRODUCTION

METHOD

● Pulsed electric field (PEF) is a treatment already in practice within the French fry industry that has
practical applications to chips (Image below)
● PEF uses pulses of energy to polarize cell membranes, leading to electrical compression and
pore formation, a process termed, electroporation
● Through pores, reducing sugars and amino acids escape the cells, and potato rinsing can
improve the extraction of acrylamide precursors when optimally implemented

Sweet potatoes (600g) were treated with range of PEF
specific energy (0.5-2.0 kJ/kg), varied in rinse water
o
volume (0.5/1.0 L) and temperature (60/140 F) were
tested. A total of 34 rinse-water samples and 34 solid
sliced samples were tested.
Diagram 1. Method for reducing sugar analysis: UHPLC-CAD

● Problem

2: Current processes to reduce
acrylamide production (hot water blanch) are
inefficient (high in water and energy waste)

● Goal: To discover pulsed electric field (PEF)
treatment conditions that provide the most
efficient extraction of reducing sugars and
asparagine, and use the least amount of energy
and water.

RESULTS AND DISCUSSION
Figure 1 shows strong evidence supporting PEF treatment; as the increase in PEF energy
applied to sweet potato chips increases, the extraction of reducing sugars to the rinse water
also increases. The 100% increase in specific energy resulted in double the extraction
efficiency for the 1.0 L rinse water. The 0.5 L rinse water volume was less effective to remove
fructose.

Scheme 1. Maillard Reaction
The effectiveness of PEF treatment on
asparagine removal in solid sweet potato
slices lacks any dramatic change due to
processing (Figure 2). Asparagine is in about
1,000 times lower concentration than fructose
according controls and standards. The effect
of cold and warm water rinses also showed
inconclusive results toward removal of
asparagine.

HYPOTHESIS
Using PEF processing on sweet potato chips will
induce electroporation that will increase the
extraction of reducing sugars (glucose and fructose)
and asparagine, while simultaneously reducing the
need for blanching. The result will be a higher
quality product, produced in a less expensive way.

Diagram 2. Derivatized asparagine analysis by GC-MS and
EZ:Faast amino acid test kit

Figure 1. Fructose in rinse water by specific energy
PEF treatment and rinse-water volume

Cold and warm water Figure 2. Asparagine in sweet potato slices by PEF treatment and rinse-water temperature
rinse trials were also
performed
on
reducing sugars (data
not
shown).
The
results showed an
increase in efficiency
was nearly 3% per
degree temperature
increase.

CONCLUSIONS
Pulsed electric field application to sweet potato
chips can be used to increase the extraction of
reducing sugars. Asparagine extraction is effective
during control rinses, requiring more samples for a
conclusion to be made. Rinse water temperature
(140oF) and rinse water volume (1.0 L) are crucial
to fructose removal.

What’s Next?
●
●
●
●
●

IGEM Commerce funded for future studies
Vegetable chips, coffee, high carb foods, etc.
Quantification for acrylamide regulation
Larger sample size required for publication
Impact on billion dollar industries – food safety and
food security

